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406 The Journal of Thoracic and Cardbjectives: Neonates with Ebstein anomaly can have severe left ventricular dys-
unction caused by right ventricular enlargement and ventricular septal displace-
ent. Fenestrated right ventricular exclusion and Blalock–Taussig shunt (Starnes
rocedure) have been performed to mitigate this problem; however, the fate of the
xcluded ventricle and its effect on the systemic ventricle have yet to be docu-
ented.
ethods: Intermediate-term data have been retrospectively collected on the 12
urvivors of neonatal right ventricular exclusion. Echocardiographic examinations
ere compared from the time of the original right ventricular exclusion and before
econd-stage Glenn palliation. Measurement of the Great Ormond Street ratio (area
f right atrium plus atrialized right ventricle divided by area of trabeculated right
entricle plus left atrium and left ventricle), ratio of right ventricular to left
entricular area, degree of ventricular septal impingement into the left ventricle, and
eft ventricular shortening fraction have been documented.
esults: In the 12 survivors of right ventricular exclusion, a decrease in the mean
reat Ormond Street ratio was observed (before fenestrated right ventricular ex-
lusion: 1.04 0.49 vs before Glenn palliation: 0.31 0.10, P .01). The average
re-Glenn right ventricular/left ventricular ratio was substantially less than 1.0
mean, 0.63  0.27), demonstrating right ventricular regression. The degree of left
entricular septal impingement decreased by an average of 38% (P  .008),
ormalizing left ventricular morphology. At the time of Glenn palliation, the left
entricular shortening fraction was normal in all patients (mean, 42%  7%).
onclusions: After neonatal right ventricular exclusion (Starnes procedure) for
evere Ebstein anomaly, there is a reduction in right ventricular size, as demon-
trated by echocardiographic evidence of a significant decrease in Great Ormond
treet ratios. This regression correlates with ventricular septal realignment and
ormalization of left ventricular function.
eonates presenting with a combination of severe Ebsteinoid changes of the
tricuspid valve and variable amount of right ventricular outflow tract
(RVOT) obstruction continue to represent a clinical conundrum with low
urvival.1,2 Our group has recently published the details of a series of patients who
nderwent a univentricular repair consisting of fenestrated right ventricular (RV)
xclusion and modified Blalock–Taussig (BT) shunt (Starnes procedure) with ac-
eptable survival.3 Our objective in this study was to characterize the effect of
enestrated RV exclusion on both the right ventricle and the systemic ventricle.
We have used standard tomographic and echocardiographic measurements in an
ttempt to describe the proportional regression of the excluded ventricle and the
ormalization of the morphology and function of the systemic ventricle.
iovascular Surgery ● December 2007
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Daterials and Methods
retrospective review of intermediate-term data (median follow-
p, 30 months; range, 6–204 months) for 12 of 16 survivors with
ritical Ebstein anomaly who underwent RV exclusion as neonates
as performed. Echocardiographic examinations were compared
t the time of the original RV exclusion, before second-stage
lenn palliation, and before the Fontan procedure to determine the
ate of the excluded ventricle and its effect on the systemic
entricle. Institutional approval was obtained before the inception
f the study.
emographics and Preoperative Data
f the 12 survivors, 5 were girls and 7 were boys, with a mean
eight of 3.05  0.45 kg. One was premature (36 weeks’ gesta-
ion). Seven had a prenatal diagnosis made on the basis of fetal
chocardiography. All the survivors had a patent ductus arteriosus
nd atrial septal defect at the time of the diagnosis. Seven patients
ad severe pulmonary valve stenosis or atresia. All 12 patients
nderwent pre-Glenn and 7 underwent pre-Fontan assessment,
ncluding echocardiographic analysis and catheterization. All pa-
ients showed favorable hemodynamics and were deemed a suit-
ble risk for bidirectional Glenn shunt or progression to comple-
ion of the Fontan procedure.
omographic Assessment
tandard anterior–posterior tomographic analysis was performed
reoperatively, at the time of Glenn palliation, and at the time of
nal Fontan palliation. The cardiac silhouette was measured and
ompared with the length of the thoracic cage at the same level.
his number determines the preoperative ratio of the cardiac
ilhouette to the thoracic cage (CT ratio).
chocardiographic Assessment
he echocardiographic assessment was performed preoperatively
efore the original RV exclusion, the Glenn procedure, and Fontan
ompletion respectively. Four separate variables were measured
or evaluation of the excluded right ventricle and systemic ventri-
le at both time points.
First, a Great Ormond Street (GOS) ratio was calculated, as
escribed by Celermajer and associates.4 The GOS ratio is deter-
ined as a product of the combined area of the right atrium and
trialized portion of the right ventricle divided by the area of the
rabeculated right ventricle plus the left atrium and ventricle. As an
rbitrary expression of the GOS ratio, the score represents a graded
everity correlate of the mortality risk. Grade 1 is characterized as
Abbreviations and Acronyms
BT  Blalock–Taussig
CT ratio preoperative ratio of the cardiac silhouette
to the thoracic cage
GOS  Great Ormond Street
LV  left ventricular
RV  right ventricular
RVOT  right ventricular outflow tractratio of less than 0.5, grade 2 as a ratio of 0.5 to 0.99, grade 3 as p
The Journal of Thoracicratio of 1.0 to 1.49, and grade 4 as a ratio of equal to or greater
han 1.5. A GOS score of grade 3 has been associated with a
ubstantially higher mortality.4
Second, to measure the degree of the effective remodeling of
he trabeculated RV area in relation to the functional left ventricle,
he RV/left ventricular (LV) ratio was calculated. The RV and LV
reas were measured in an apical 4-chamber echocardiographic
iew. This ratio correlates with the degree of the RV regression
uring the time interval. Because of the “redefinition of the RV” at
nitial palliation, the RV/LV ratio was calculated before Glenn
alliation and before the Fontan procedure only.
Third, the degree of septal remodeling in relation to the LV
orphology was assessed by using the LV septal impingement
atio. This ratio is the product of the upper septal curvature vertical
imension from the RV wall (length connoted by a in Figure 1)
ivided by the lower septal curvature vertical dimension from the
V wall (length connoted by b in Figure 1), as measured in the
hort-axis, left parasternal echocardiographic view. This ratio indi-
ectly correlates with the degree of LV morphology normalization as
 result of the LV septal impingement regression (Figure 1).5
Last, the LV shortening fraction was calculated and compared
y using standard echocardiographic techniques.6
urgical Technique
univentricular (fenestrated RV exclusion) strategy was under-
aken as the original first-stage palliative approach for all the
atients who eventually qualified for the bidirectional Glenn pro-
edure. All 12 survivors had a tricuspid valve not amenable to
epair with an inadequate functional portion of the right ventricle
ssociated with variable amounts of RVOT obstruction not ame-
able to a hemodynamically acceptable reconstruction.
Standard aortic and bicaval cannulation are used. During mod-
rate hypothermia, the heart is arrested with cold blood cardiople-
ia. The tricuspid valve is approached through an oblique right
triotomy incision. The RV fenestrated exclusion was accom-
igure 1. Schematic illustration of the parasternal short-axis
iew. The septal impingement ratio is calculated at the end-
ystolic phase and equals a/b values measured in the left ven-
ricle (LV). Values approaching 1.0 indicate circular morphology,
nd values of less than 1.0 connote septal impingement. RV, Right
entricle.lished by patching the tricuspid valve at the “anatomic” level of
and Cardiovascular Surgery ● Volume 134, Number 6 1407
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Dts annulus by using glutaraldehyde-fixed autologous pericardium.
he coronary sinus is not incorporated under the pericardial ex-
lusion and therefore is left in the anatomic position in the mor-
hologically right atrium. A 4- to 5-mm fenestration is performed
n the patch by using a coronary punch. Free atrial communication
s ensured, and a right atrial reduction plasty is carried out as a
tandard component of the fenestrated RV exclusion strategy. If
ulmonary artery insufficiency exists, pulmonary artery interrup-
ion is performed. Early RV exclusion did incorporate RV plica-
ion, if necessary, but we have abandoned this practice in the
urrent era because of RV involution observed after palliation.
inally, pulmonary blood flow is provided by a modified BT shunt
3.5–4.0 mm).
esults
rom 1992 to the present, 16 patients with severe Ebstein
nomaly have undergone RV exclusion with a modified BT
hunt at a single institution, with 12 survivors. The first
urvivor had an unfenestrated tricuspid patch, and all other
urvivors had the fenestration. Eleven of 12 survivors have
one on to a bidirectional Glenn shunt, and 6 patients have
een completely palliated with total caval pulmonary con-
ection. There have been no interstage deaths. No hospital
ortality has been observed in this treatment group since
996. To this point, all patients have been evaluated and
eemed acceptable candidates for bidirectional Glenn and
ontan procedures at the age-appropriate time. One patient
as a pacemaker for complete heart block after RV exclu-
ion and underwent a modified maze procedure for severe
reoperative tachyarrythmias.
T Ratio
he CT ratio was observed to be 0.84  0.09. At the time
f the Glenn shunt, the ratio had decreased to 0.56  0.10;
his difference was statistically significant to a P value of
003. The CT ratio did not significantly change in the time
etween the Glenn and Fontan operations (Table 1).
OS Ratio
n the 12 survivors of RV exclusion, a decrease in the mean
ABLE 1. Tomographic and echocardiographic measure-
ents
Preoperative
(n  12)
Pre-Glenn
(n  11)
Pre-Fontan
(n  6)
T ratio 0.84  0.09 0.56  0.1* 0.52 0.08*
OS ratio 1.04  0.49 0.31  0.01* 0.26 0.05*
V/LV ratio 0.63 0.27 0.44 0.05*
eptal impingement 0.58 0.09 0.93  0.13* 1.01 0.17*
hortening fraction (%) 31% 4% 42%  7% 43% 4%
T ratio, Preoperative ratio of the cardiac silhouette to the thoracic cage;
OS, Great Ormond Street; RV, right ventricular; LV, left ventricular. *P 
05.OS ratio was observed (before fenestrated RV exclusion: l
408 The Journal of Thoracic and Cardiovascular Surgery ● Dec.04  0.49 vs before Glenn palliation: 0.31  0.10, P 
01). There was a uniform decrease in all survivors. No
ifference could be elucidated among the fenestrated or
onfenestrated groups because of the low numbers of pa-
ients. The pre-Fontan values observed demonstrated a con-
inued significant decrease from preoperative ratios, with a
ean of 0.26  0.05. This value was statistically signifi-
antly lower than preoperative measurements. Overall, the
atio trend was less than at Glenn palliation, but the value
id not reach statistical significance. The GOS score equals
at Glenn palliation and Fontan completion in all patients.
V/LV Ratio
he RV/LV ratio was measured as 0.63  0.27 at the time
f the Glenn shunt. This value continued to decrease to a
ean of 0.44  0.05 measured at the time of the Fontan
rocedure. Both of these values are significantly less than
he expected 1:1 ratio expected with normal anatomy. This
alue represents the continued comparative regression of
he right ventricle from the left ventricle during the interim
etween the Glenn and Fontan procedures.
eptal Impingement
s shown in Figure 1, A, a calculated a/b ratio approaching
.0 connotes a circular structure, whereas a value approach-
ng zero connotes a flattened structure. This ratio helps to
dentify the degree of septal impingement and its effect on
he shape and presumed function of the left ventricle. As
hown in Figure 2, preoperative septal impingement was
alculated preoperatively at a mean of 0.58 0.09, whereas
he values increased significantly to 0.93 0.13 and 1.01
.17, respectively, at the Glenn and Fontan procedures (P
008, Figure 3). This difference clearly establishes the RV
ilation’s effect on the LV morphology seen in severe
eonatal Ebstein anomaly, as well as documenting the nor-
alization of the left ventricle after palliation.
igure 2. Two-dimensional echocardiogram of the parasternal
hort axis. This is a preoperative view demonstrating septal
mpingement, with a/b approaching zero. RV, Right ventricle; LV,
eft ventricle.
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Dhortening Fraction
he patients’ left ventricles were in general severely af-
ected, with a mean preoperative shortening fraction of
1%  4% with inotropic support. These values signifi-
antly improved (42% 7% at Glenn palliation and 43%
at the Fontan procedure) when measured at the respective
reoperative visits.
We observed a decrease in the relative and net size of the
ight ventricle after exclusion. With this measurable regres-
ion, we have documented normalization of both morphol-
gy and function of the left ventricle, leading to effective
alliation and increased survival.
iscussion
lthough the fenestrated RV exclusion approach to pallia-
ion for severe Ebstein anomaly has demonstrated improved
urvival, no documentation of the physiologic effect has
een published.7 Our study has implied 2 major ideas. First,
hildren with severe Ebstein anomaly have not only severe
ight-sided failure but also biventricular failure. The dilation
f the right side of the heart causes septal impingement and
esultant left-sided heart failure. Second, the fenestrated RV
xclusion induces a durable regression of the right-sided
tructures, thereby restoring the systemic ventricular mor-
hology and function. The postoperative reestablishment of
ormal ventricular function clearly demonstrates the ven-
ricular interplay that leads to severe heart failure in these
eonates.
Although others contend that all patients with severe
bstein anomaly can have this condition repaired, we con-
inue to believe that patients with poor valve delamination
nd the combination of a diminutive trabeculated right
igure 3. Two-dimensional echocardiogram of the parasternal
hort axis. This is a pre-Glenn view demonstrating lack of septal
mpingement, with a/b approaching 1.0, suggesting normal mor-
hology of the left ventricle (LV). RV, Right ventricle.entricle with RVOT obstruction are better served with a
The Journal of Thoracicingle-ventricle repair.8 At the severe end of the spectrum,
aximal decompression and subsequent involution of the
ight-sided structures after RV exclusion should not only
llow patients to survive the neonatal period but also make
hem excellent candidates for future total cavopulmonary
onnection.
Other derivations of the RV exclusion have favored wide
lication and even excision of the atrialized portion of the
ight ventricle seen in severe Ebstein anomaly.9,10 The
nvolution of the right-sided structures seen after fenes-
rated RV exclusion obviates the need for RV manipula-
ion. This process should serve to decrease operative
imes and spare any possible injury to the right coronary
rtery made possible with RV excision or excessive pli-
ation.11 Other processes, apart from severe Ebstein
nomaly, causing RV failure cannot be commented on
ased on our current study.
No study to date has described RV function or its effect
n the systemic ventricle after valve repair for severe neo-
atal Ebstein anomaly. Chauvaud and colleagues12 have
escribed increased LV ejection fraction correlating with
ecreased end-diastolic RV volume after plication and valve
epair in adult patients; however, long-term follow-up has
ot been included. The majority of valve repair articles
escribe postoperative patients as asymptomatic in New
ork Heart Association Class I, without physiologic param-
ters of ventricular function. To date, we have seen uniform
V regression in our patients and normalization of the LV
unction, which is durable. In the short term, this leads to
etter systemic ventricular mechanics in these critically ill
hildren and improves survival. We have encountered and
xpect excellent Fontan candidates because of this normal-
zation of the LV morphology and function.
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iscussion
r V. Mohan Reddy. (Stanford, Calif). I would like to thank the
ssociation for the privilege of discussing this manuscript. I would
lso like to thank the authors for providing me with the manuscript
arly enough and congratulate them for an elegant presentation and
tudy.
Dr Reemtsen and colleagues report on a 15-year single-institution
xperience of neonatal Ebstein’s anomaly with an overall mortality of
5% but none since 1996. This approach commits all patients to
ingle—ventricle circulation. Probably some of these could have been
2-ventricle or a 1½-ventricle type of repair based on our experience
nd review of the literature on neonatal Ebstein’s anomaly. It might be
hat although this approach yields very good survival, a more bal-
nced individualized approach might yield similar results without
ommitting all patients to single-ventricle repairs.
In your manuscript, at least, I would say that 50% of the
atients have a GOS ratio of less than 1. Perhaps in these patients
2-ventricle or a 1½-ventricle type of repair could be attempted as
first option.
Also, by means of right atrial reduction and RV plication, with
r without, the GOS ratio immediately decreases if you do a
ostoperative study. But what is more important in your manu-
cript is the long-term follow-up and continued remodeling of the
entricle and the septum. This is, I think, the strength of your
tudy.
The authors state that these patients were all catheterized but do
ot present any data on the catheterization. I have 4 or 5 questions
or you, and I would appreciate if you could answer each one of
hem before I move on to the next.
Do you currently adopt this approach in all neonates or con-
ider 2-ventricle repair in some? If so, what criteria do you use?
Dr Reemtsen. Our goal, off the bat, is to establish a 2-ventricle
hysiology, if possible, but I think that if you look at some of the
atients in our group, they have the massively dilated atrialized
ortion of the right ventricle and really very little trabeculated right
entricle. More to the point, the more significant thing is that they
eally have a lack of functional tricuspid valve tissue altogether,
nd therefore it is possible to do a repair, but I do not think you
ould be doing the patient any favors.
Dr Reddy. So in the last 15 years, you have not attempted a
-ventricle repair?
Dr Reemtsen. Actually, we have, and generally, these 2-
entricle repairs are not in the neonatal time frame. We have had
total repairs during that time. We have had 1 death, 1 conversion
o the Starnes procedure, and 1 that was successful. The last patient
ad the kind of tripartite ventricle that we would expect to perform
ell. t
410 The Journal of Thoracic and Cardiovascular Surgery ● DecAnother and equally significant lesion we worry about is pul-
onary stenosis or atresia, which is commonly seen in neonates
ith severe Ebstein’s anomaly. Because if you are doing a 2-
entricle repair, again we are saying that you have leaflet tissue
hat is not perfect, and then you also have RVOT obstruction. You
re going to put a small conduit in a neonate, and we know the
mplications of that. Therefore in those patients especially, if they
ave a ventricle that is kind of on the line and they have associated
ulmonary stenosis or atresia, we will go to the single-ventricle
pproach.
Dr Reddy. You have catheterized most of the patients before
he Glenn and Fontan procedures. Do you have any information on
he end-diastolic pressure on these ventricles and the cardiac
ndex?
Dr Reemtsen. I have no specific numbers, but I actually looked
hrough this before I left. All of these patients who we have
bserved thus far have been very good Fontan candidates, and we
xpect that. Most of that is in part due to the normalization that we
ee with the left ventricle.
Dr Reddy. I notice you do fenestrated patches in most of these,
nd also from your manuscript I saw that when there is severe
ulmonary stenosis, you chose to entrap the pulmonary artery. But
n patients with antegrade flow, do you close this fenestration when
ou do a Glenn or a Fontan procedure?
Dr Reemtsen. No, we leave the fenestration open. Really, we
nly will interrupt the pulmonary artery if there is significant
egurgitation because we just want to keep the right ventricle
ecompressed. That is the main goal. Therefore if there is ante-
rade flow and no regurgitation, we would leave that alone, but
hat does not happen very often. As I said, the majority of these
atients have severe pulmonary stenosis or functional pulmonary
tresia.
Dr Reddy. The reason I ask that is that if you have antegrade
ow, you could close the fenestration. If you leave the fenestration
pen, it is sort of acting like tracks for regurgitation or some sort
f regurgitation. Obviously you have regurgitation, and if you have
single-ventricle type of physiology, any amount of regurgitation
robably is not a good idea in the long run anyway.
Dr Reemtsen. Well, the main point is that these are almost
onfunctional right ventricles, and essentially, we just leave the
enestration there in case there is any flow from the thebesian veins
ecause these are not normal ventricles. It is really a pop-off, and
he natural history is regression of this ventricle. Therefore we just
ant to make sure that there is complete decompression, and that
s why we keep the fenestration patent.
Dr Reddy. That leads to my last question. You said that most
f these ventricles are nonfunctional and very small. Have you
oticed any thromboembolic phenomenon from this stasis?
Dr Reemtsen. We have not. We have not documented anything
ike that.
Dr Reddy. Again, congratulations.
Dr Reemtsen. Thank you.
Dr Shunji Sano. (Okayama City, Japan). I have some com-
ents and questions. Septal impingement (SI ratio  a/b) in
chocardiographic analysis is actually the ratio to measure the
V/LV pressure ratio, although this will become abnormal at the
ime of volume overload. Therefore this does not help to measure
he volume load ratio in patients with Ebstein’s anomaly.
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DRecovery of LV function, recovering after the RV exclusion, is
ostly based on the normalization of the intraventricular septum.
he LV end-diastolic and end-systolic dimensions that we can
easure became enlarged soon after the RV exclusion because of
he changes of ventricular septal motion. This phenomenon is seen
n patients with atrial septal defects with a huge Qp/Qp ratio. These
re all due to geometric changes.
Another thing is that in your slides the CT ratios and also the
chocardiograms show the improvement of ventricular LV motion,
nd also the CT ratio decreased before the Glenn procedure. From
y experience of RV exclusion operations, when you excise the
V free wall to decrease RV volume, intraventricular septal mo-
ion changed to normal from a paradoxical value soon after the RV
xclusion, and the CT ratio also decreased soon after. Therefore
nother question is this: in the Starnes operation, without a com-
lete right LV exclusion, when do these findings, such as IVS
otion and CT ratio change, occur, soon after the operation or a
ew months later?
Dr Reemtsen. No, I think it is certainly not immediate. Essen-
ially, after we perform this procedure, sometimes they have pul-
onary vascular twitchiness, and I think that is in response to their
V failure. Usually we have to keep them on nitric oxide for a
ouple of days to try and ameliorate that. Therefore I think it is
ore than a week’s time.
However, you can notice, as Dr Reddy said, that as soon as you
o this resection, the GOS ratio should decrease. But looking at
-ray films immediately postoperatively, it is not as marked, and it
s not even close to as marked as we see at the time of the Glenn
rocedure. Therefore I think there is an immediate improvement
ver a week-long postoperative period, and I think we have clearly
hown that there is continued improvement or regression and
ormalization of the function of the left ventricle.
Dr Sano. I must inform you that from our experience, the RV
ize decreased because our aim was to decrease RV size to excise
he RV free wall, but before the Glenn procedure, the right ven-
ricle increased again. Therefore it is almost similar to your echo-
ardiographic findings. Therefore we excise the RV free wall again
n few patients when the right ventricle increased again. I do not
now whether it is due to direct anastomosis of the RV free wall
fter we excised the RV free wall or not. I wonder if I excise the
V free wall and put a small polytetrafluoroethylene patch,
hether the right ventricle will increase in size or not. I do not
now.
Dr Reemtsen. I should not ask you a question, but did you
ave any pulmonary atresia? Did you have a conduit in place or
nything like that that would kind of be the substrate for this kind
f redilation of your right ventricle?
Dr Sano. Yes, we have patients with true pulmonary atresia.
o, we have not used a conduit.
Dr Reemtsen. That would be an issue.
Dr Joseph A. Dearani. (Rochester, Minn). I would just like to
ake one comment in follow-up to Dr Reddy’s comment about
his dilemma and trying to decide on a single-ventricle pathway or
iventricular repair in the neonatal period. One piece of informa-
ion that I will share with you that will be presented in our
bstein’s anomaly presentation tomorrow is that anatomic obstruc-
ion at the RV outflow level or the pulmonary valve level is an
ndependent predictor for mortality in late reoperation in a very m
The Journal of Thoracicarge number of patients with Ebstein’s anomaly. Consequently, if
n anatomic obstructive lesion in the RVOT or the pulmonary
alve level is demonstrated in the neonate, then we believe the
ingle-ventricle pathway is preferred.
Dr Reemtsen. And I can tell you from our experience that we
ad 3 patients in this series, not of the RV exclusion, but all of the
eonates who underwent intervention, and every patient who had
homograft placement as a neonate was either an early or late
eath. Therefore we observed 100% mortality with placement of
onduits in the neonates.
Dr William J. Brawn. (Birmingham, United Kingdom). Is it
he shunt that saves the neonate’s life? Is that the essential part of
he operation?
Dr Reemtsen. No, it is not. We have a great example of a
atient who came with this problem last year, and we just did a
hunt first. The patient struggled along with persistent need for not
nly inotropes but also ventilatory support for 2 weeks. We went
n and revised him to the Starnes procedure, and the kid was off the
ent within a few days. Therefore I think it is not only the
ulmonary blood flow issue, it is this interventricular relationship
nd this dilation that you need to ameliorate.
Dr Glen Van Arsdell. (Toronto, Ontario, Canada). I hesitate
o even discuss this because the results are so good, but one of the
hings this does is it forces you to make a decision early on as to
hether it is a 2-ventricle or single-ventricle repair. We have taken
n alternative approach of saying the primary issue is that there is
igh PVR in the ductus in many of these kids staying open and let
s ligate the duct, let us alkalinize them and start them on nitric
xide. Obviously that only works when it is functional pulmonary
tresia. Therefore I wonder whether you have explored that possi-
ility. These patients who are labeled as having atresia, I know you
ave tried to classify them. Have you proved actual atresia, or is it
chocardiographic atresia that only looks that way because you have
igh pulmonary artery pressures related to a duct that is open?
Dr Reemtsen. No, it is significant pulmonary stenosis, and
lmost all of them have pulmonary stenosis of some sort. How-
ver, the amount of pulmonary atresia was more than half the
atients that we said had actual pulmonary atresia.
Dr Van Arsdell. Therefore for those patients, this is clearly a
ery good strategy.
The question, I guess, is this: For the other patients, can you go
ith a high PVR route and buy some time, maybe you buy them
year or 2 or 3 before you have to make the next decision?
Dr Reemtsen. We would certainly attempt that first. There is
o question that we would-we always attempt to treat these pa-
ients medically first. It is not a kind of whisk off to the operating
oom once we have this diagnosis, but our goal would really be to
et these patients out and not operate on them.
Dr Van Arsdell. But I mean specifically including duct ligation
s part of a strategy and alkalinization and nitric oxide?
Dr Reemtsen. Certainly.
Dr George R. Daicoff. (St Petersburg, Fla). A number of years
go, I had a neonate such as you have presented, and when I
eviewed the literature, there was a 100% mortality rate in this
roup. The heart was so huge. The lungs were hypoplastic and
nderdeveloped. The baby was on a ventilator. A review of the
iterature was not helpful with this desperate neonate, which led
e to confer with Gordon Danielson, who had a large series of
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Datients with Epstein’s anomaly. He said that they did not have any
eonates in their Mayo Clinic practice.
Therefore I took the baby to the operating room prepared to do
n intracardiac procedure. The right atrium and right ventricle
ere both huge, filling the thorax. The tricuspid regurgitation was
assive. In evaluating the tricuspid before cannulating for bypass,
inverted the free wall of the right atrium through the tricuspid
nnulus into the right ventricle. The tricuspid regurgitation became
lot less, if not eliminated completely. Furthermore, this maneuver
ecompressed and diminished the size of both right-sided cham-
ers. It occurred to me that I could reproduce this situation with
ne stitch. Therefore I took a double-armed, pledgeted, plicating
titch through the anterior wall of the right ventricle; dodged my
nger; and brought needles through the free wall of the right
trium and a second pledget. Tying the stitch brought the right
trium into the right ventricle. A modified BT shunt was done
t the same time. He did amazingly well and subsequently under-
ent the Fontan operation. No cutting, no sewing; it was an easy
peration. I could not believe it. T
412 The Journal of Thoracic and Cardiovascular Surgery ● DecTherefore the question I have for you is this: If I could do this
n the way I did, and probably obliterate the chamber, why do you
eed a fenestration at all?
Dr Reemtsen. Well, I think the fenestration really comes into
ccount when you have what we are talking about: functional or
rue pulmonary atresia because the ventricle needs some outflow.
do not know about the patient that you had, if he or she had
ulmonary atresia, and it sounds to me like he or she did not. If
here is antegrade flow, the fenestration specifically might not be
ecessary.
Dr Daicoff. That BT shunt was for that purpose, right?
Dr Reemtsen. What purpose is that? I am sorry?
Dr Daicoff. To give the pulmonary blood flow.
Dr Reemtsen. Yes, I agree. What I am saying though is that if
ou have antegrade flow from out of the pulmonary valve, it will
ecompress this ventricle and you will not need the fenestration. If
ou have pulmonary atresia and you essentially occlude the right
entricle with thebesian flow, it is likely that this is going to dilate.
herefore that is the issue.
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